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LUNAR ORBITER: A PHOTOGRAPHIC SATELLITE 
By Leon J. Kosofsky and G. Calvin Broome 
ABSTRACT 
Beginning i n  1966, NASA w i l l  put  a se r i e s  of unmanned photographic 
spacecraf t  i n t o  o r b i t  around t h e  moon. These w i l l  photograph f a i r l y  l a rge  
a reas  of t h e  lunar  surface a t  high resolut ion.  Exposure i s  on film, which 
i s  processed onboard and then read out f o r  transmission t o  ear th .  These 
received s igna l s  a r e  recorded on f i l m  by means of kinescopes at t h e  t racking  
s t a t ions .  The general  design and operation of t h i s  photographic system a r e  
described. @dwl 
LUNAR ORBITER: A PHOTOGRAPHIC SATELLITE 
By Leon J. Kosofsky and G. Calvin Broome 
Purpose 
The Lunar Orbi ter  i s  one of t h ree  NASA programs f o r  t h e  unmanned explo- 
r a t ion  of t h e  moon i n  advance of Project  Apol lo .  
carrying t e l e v i s i o n  cameras, has given man h i s  f i rs t  close views of t h e  
lunar  surface.  
working as a team, t o  provide some spec i f ic  types of information about 
se lec ted  a reas  of t h e  lunar  surface i n  order t o  make a safe  manned landing 
possible .  
The Ranger program, 
It now remains f o r  t h e  Surveyor and Lunar Orbi ter  programs, 
Surveyor must make a s o f t  landing s o  t h a t  i t s  instruments can measure 
important surface proper t ies  ( f o r  example, bearing s t rength)  at  a se lec ted  
poin t .  Eye-level t e l e v i s i o n  cameras w i l l  give v i s u a l  information about con- 
d i t i o n s  at  t h a t  point .  If the  data supplied at one such point by a Surveyor 
spacecraf t  are favorable, t h e  a rea  surrounding t h a t  point  i s  a p o t e n t i a l  
landing a rea  f o r  t h e  Apollo mission. 
It i s  t h e  job of t h e  Lunar Orbiter t o  examine such areas  photographi- 
cal ly ,  so t h a t  t h e  Surveyor da ta  can be extrapolated over a fu l l - s i zed  
landing si te,  with a l l  t h e  topographic fea tures  of a s ign i f i can t  s i z e  meas- 
ured and located.  
and t h e  area t o  be examined i s  over 8,000 square kilometers per  mission, 
very heavy demands are made on the  Orbi ter ' s  data-gathering capacity 
( f i g .  1). 
Since protuberances only ha l f  a meter high a r e  s ign i f i can t  
Typical Mission 
The spacecraf t  ( f i g .  2),  which weighs about 840 pounds, w i l l  be 
launched f r o m  Cape Kennedy by an Atlas-Agena vehicle .  
toward moon rendezvous, as w e l l  as l a t e r  i n  lunar  orb i t ,  t h e  spacecraft  w i l l  
be s tab i l ized  i n  yaw and pitch,  so t h a t  i t s  s o l a r  panels face  t h e  sun, and 
During i t s  coast 
i n  r o l l ,  so t h a t  i t s  star sensor points  at t h e  star Canopus. 
parabolic antenna facing the  ear th .  
a t t i t u d e  only t o  point  i t s  rocket engine f o r  ve loc i ty  changes and t o  point  
t h e  camera f o r  photography. 
This keeps the  
The spacecraft  w i l l  depart  from t h i s  
The one or two ve loc i ty  changes i n  midcourse w i l l  correct  f o r  s l i g h t  
variations i n  launch vehicle  performance ( f i g .  3 ) .  
a r r i v e s  a t  the  o r b i t  i n j ec t ion  point, t h e  rocket w i l l  be pointed against  t h e  
d i r ec t ion  of f l i g h t  and f i r ed ,  thus slowing the  spacecraf t  enough t o  make it 
a satel l i te  of t h e  moon. 
probably be  g rea t e r  than 250 kilometers.  
o r b i t  long enough t o  loca t e  t h e  o r b i t  accurately and t o  estimate i t s  per- 
turbations,  t h e  rocket engine w i l l  be f i r e d  f o r  t h e  last time. 
t i o n a l  slowing w i l l  br ing t h e  minimum a l t i t u d e  (per i lune)  of t h e  f i n a l  e l l i p -  
t i c a l  o rb i t  down t o  a nominal 46 kilometers ( t h e  maximum a l t i t u d e  (apolune) 
w i l l  probably remain about 1,850 km) . 
When t h e  spacecraf t  
I n  i t s  i n i t i a l  o rb i t ,  t h e  minimum a l t i t u d e  w i l l  
After t h e  spacecraf t  i s  t racked i n  
This addi- 
Because t h e  f i n a l  o r b i t  i s  t h e  one from which t h e  photographs a r e  t o  be 
taken, it must s a t i s f y  severa l  conditions.  The per i lune of t h e  o r b i t  must 
be a t  the luna r  l a t i t u d e  of t h e  primary t a rge t s ,  t o  provide t h e  necessary 
Scale and ground resolut ion.  
within rather  narrow l i m i t s  which w i l l  be  descr ibed l a t e r .  The inc l ina t ion  
The l i g h t i n g  angle a t  t h i s  point  must f a l l  
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of t h e  o r b i t a l  plane t o  t h e  lunar  equator must a l so  f a l l  within c e r t a i n  
l i m i t s ,  t o  cont ro l  t h e  pa t t e rn  of coverage. * 
I 
Having a t t a ined  t h i s  o rb i t ,  t h e  spacecraft  w i l l  simply w a i t  f o r  t h e  
moon's ro t a t ion  t o  br ing t h e  t a r g e t  areas under t h e  o r b i t .  
i t s  sun-Canopus o r i en ta t ion  i n  t h e  meantime, even when it i s  i n  t h e  moon's 
shadow. During t h e  f i rs t  o r b i t a l  pass on which p i c tu re s  a re  t o  be taken, 
t h e  spacecraf t  w i l l  be reor iented so  t h a t  t h e  camera i s  v e r t i c a l  over t h e  
center  of t h e  f i rs t  t a r g e t  area.  
ground command, t h e  camera w i l l  make t h e  f i r s t  exposure. 
between exposures w i l l  be control led automatically t o  provide t h e  se lec ted  
overlap between successive photos. 
It w i l l  maintain 
I 




A t  t h e  time which has been designated by 
The i n t e r v a l  
The number of exposures f o r  t h a t  pass 
w i l l  a l s o  be s e t  by command. After t h e  l a s t  exposure of each pass, t h e  
spacecraf t  w i l l  r e tu rn  t o  i t s  sun-Canopus or ien ta t ion .  
Coverage of t h e  l a r g e r  t a r g e t  areas w i l l  be b u i l t  up by t h e  lateral  
overlap of photos exposed on successive o r b i t a l  passes ( f i g .  4 ) .  
moon's ro t a t ion  r a t e  i s  fixed, as a re  the camera dimensions, t h e  l a t e r a l  
overlap i s  a function ul" tile oi-Ijitj& period acd i~ALcz t2cn .  The C m r e r " p  
w i l l  be explained i n  g r e a t e r  d e t a i l  l a t e r .  
Since t h e  
The onboard f i l m  processor i s  designed with enough capacity t o  complete 
t h e  processing of 20 exposures ( t h e  m a x i m u m  which can be made on one pass)  
during t h a t  pass.  
u n t i l  it can be read out f o r  transmission t o  ear th .  Although a few expo- 
sures  can be read out whenever p ic tures  a re  not being taken, t h e  major por- 
t i o n  of t h e  f i lm footage w i l l  be read out only a f t e r  a l l  exposures have 
been made. It takes  about 40 minutes t o  read out one exposure, and it can 
The processed f i lm  i s  then s tored  on the  takeup spool  
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only be accomplished on those port ions of t h e  o r b i t  where t h e  spacecraf t  
sees  the  sun and t h e  earth s i c d t a n e e u s l y .  
Within 30 days after launch, a l l  t h e  f i lm  should have been exposed and 
read out.  The spacecraf t  w i l l  remain i n  o rb i t ,  and i s  expected t o  operate 
i n  a low-gear mode f o r  up t o  a year.  
be tracked i n  o rb i t ,  by means of i t s  transponder. 
data w i l l  then permit t h e  determination of t h e  shape of t h e  moon's g rav i ty  
f i e l d .  In  addition, t h e  spacecraf t  w i l l  make l imi ted  long-term measurements 
of micrometeoroid impacts and s o l a r  flare radiat ion.  
It w i l l  funct ion mainly as an object  t o  
Reduction of t he  t racking 
The pro jec t  i s  being ca r r i ed  out by The Boeing Company, under t h e  
management of t h e  NASA Langley Research Center. 
Photographic Coverage 
A more de t a i l ed  examination of t h e  Lunar Orb i t e r ' s  coverage capabil-  
i t i e s  must begin by noting t h a t  it c a r r i e s  a dua l  framing camera. Each 
exposure puts  two images on d i f f e r e n t  port ions of t h e  s ing le  r o l l  of f i lm.  
A t  t h e  nominal a l t i t u d e  of 46 kilometers,  with t h e  camera v e r t i c a l ,  t h e  
wide-angle image covers a rectangular  area of 31.6 km by 37.4 km, at an 
e f f ec t ive  ground reso lu t ion  of 8 meters. The c e n t r a l  por t ion  of t h i s  cover- 
age, a narrow rectangle  of 4.2 x 16.6 km, i s  a l so  covered by a high- 
resolut ion image a t  a 1-meter e f f e c t i v e  ground resolut ion,  as shown i n  
f igu re  5 .  
A choice of two overlap modes i s  ava i l ab le  f o r  bu i ld ing  up coverage i n  
t h e  l i n e  of f l i g h t .  
interval.  provides a 5-percent forward overlap between successive high- 
resolut ion exposures, so  t h a t  t h e r e  w i l l  be no gaps i n  t h i s  coverage. 
I n  t h e  h igh- repe t i t ion  exposure mode, t h e  ex-posure 
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~' Since  the re  i s  always a simultaneous wide-angle exposure, t he  l a t t e r  a r e  
overlapped some 87 percent.  I n  t h e  Low Repetit ion mode, t h e  exposure i n t e r -  
I v a l  provides an overlap of s l i g h t l y  over 50  percent on t h e  wide-angle expo- 
I sures  t o  insure  uninterrupted steroscopic coverage. This mode leaves gaps 
between successive high-resolution exposures. 
1 .  
I n  e i t h e r  mode, t h e  number of successive exposures t o  be made i n  one 
pass can be se lec ted  among four  choices. 
I Latera l  overlap of t h e  high-resolution s t r i p s  from successive passes i s  
I 
, 
I insured by t h e  cor rec t  i nc l ina t ion  of the  plane of t h e  o r b i t .  If lateral  
overlap i s  required only on t h e  wide-angle coverage (as a log ica l  extension 
i of t h e  Low Repet i t ion mode), t h i s  can be accomplished by photographing only 
I on a l t e r n a t e  passes.  
The t o t a l  coverage capabi l i ty  of each mission i s  required t o  be at  
I l e a s t  8,000 square kilometers at  1-meter reso lu t ion  and at  least 40,000 
square kilometers of stereoscopic coverage at  a reso lu t ion  of 8 meters. 
~ 
Since the  film capacity permits up t o  194 exposures, t he re  i s  a considerable 
I margin over these  requirements. There is cwiisidiei-able f l i e ~ i b L 1 L t y  LG 
apportioning t h e  coverage capabi l i ty  among l a rge  and s m a l l  t a r g e t  areas. I n  
general ,  w e  a n t i c i p a t e  t h a t  a number of separate  t a r g e t  areas  w i l l  be photo- 
I 
~ 
graphed i n  one mission. 
by t h e  a t t i t ude -con t ro l  gas ava i lab le  f o r  r eo r i en ta t ion  maneuvers. 
The number is  l imited l e s s  by f i l m  capacity than 
Ground Resolution I .  
I The preceding discussion of photographic coverage f r e e l y  used numbers 
f o r  e f f ec t ive  ground resolut ion,  without def ining t h e  term. The d e f i n i t i o n  
used here  i s  e n t i r e l y  operational;  i.e., it i s  based on t h e  primary use t h a t  
5 
w e  expect t o  make of t h e  high-resolution photography. 
addi t iona l  explanation. 
This requires  some 
Remember t h a t  t h e  Lunar Orbi ter  photographs are t o  be used t o  produce 
topographic information. Since t h e  wide-angle coverage w i l l  a l l  be s tereo-  
scopic, topographic information w i l l  be extracted from those photos by 
p h o t o g r m e t r i c  means. Unfortunately, t h e  information w i l l  be too  coarse 
f o r  d i r ec t  use i n  t h e  de t a i l ed  examination of Apollo landing s i t e s .  This 
requires  t h e  use of t h e  high-resolution coverage, which i s  not stereoscopic.  
The bas i c  means f o r  ex t rac t ing  topographic information' (s lopes and he ights )  
from t h i s  coverage i s  photometric ana lys i s .  When t h e  lunar  surface i s  
obliquely i l luminated, slopes which face  t h e  sun r e f l e c t  more l i g h t  t o  t h e  
camera than do l e v e l  surfaces,  and slopes which a r e  aver ted from t h e  sun 
r e f l e c t  l e s s .  The funct ion expressing t h i s  re la t ionship ,  which i s  d e f i n i t e l y  
pecul ia r  t o  t h e  moon, w i l l  be discussed i n  a l a t e r  sect ion.  
go about ex t rac t ing  topographic information, then, w i l l  be t o  r u n  micro- 
densitometer t r a c e s  on t h e  photographs, scanning p a r a l l e l  t o  t h e  sun-camera- 
ground plane. 
photometric ca l ib ra t ion  data,  we w i l l  have ground s lopes i n  t h e  d i r ec t ion  of 
scan. By in tegra t ing  these  slopes i n t o  prof i les ,  it i s  poss ib le  t o  generate 
a surface.  
The way we w i l l  
Af te r  making correct ions t o  t h e  dens i ty  values based on 
F o r t h e  purpose of evaluating Lunar Orbi te r  performance, t h e  ground 
resolut ion i s  defined i n  terms of t h e  photometric de t ec t ion  of a standard 
shape; i .e. ,  a c i r c u l a r  cone 1/2 meter high with a 2-meter base diameter 
( f i g .  6 ) .  
d i t i o n s  and t ransmit ted through a l l  of t h e  da t a  l i n k s  and p i c tu re  recon- 
s t ruc t ion  equipment and subsequently scanned by a densitometer having a 
When t h i s  i s  photographed under t h e  opera t iona l  i l luminat ion con- 
6 
scanning aperture  of e f f ec t ive  1/2-meter diameter, t h e  r e su l t i ng  signal-to- 
noise r a t i o  must be a t  l e a s t  one i n  order  t o  demonstrate a 1-meter ground 
resolut ion.  
Photo System Description 
The ex terna l  s h e l l  of t h e  photo system i s  v i s i b l e  i n  f igu re  2. It  i s  
a pressure ves se l  containing t h e  camera, processor, and readout apparatus. 
It has two quartz windows through which t h e  dual  camera photographs t h e  
lunar  surface.  It controls  t h e  ambient temperature, pressure, and humidity 
within which a l l  t h e  equipment i s  t o  operate. 
Figure 7 i s  an a r t i s t ' s  rendi t ion of t h e  photo system. A schematic 
diagram ( f i g .  8) shows t h e  funct ional  re la t ions  of i t s  components. 
photo system i s  being b u i l t  by t h e  Fastman Kodak Company, which i s  respon- 
s i b l e  f o r  a l l  of i t s  components. It w i l l  weigh about 135 pounds. Let us 
examine t h e  main components individually,  s t a r t i n g  with t h e  camera. 
The 
B e i n g  a dua l  camera, it has two lenses, two platens,  and one f i l m -  
t r anspor t  mechanism. 
case)  i s  a commercially manufactured 80-mm Xenotar, of f /2.8 aperture,  made 
by t h e  West German firm of Schneider. 
t o  t h e  l ens  are t h e  subs t i t u t ion  of a fixed Waterhouse s top of f/5.6 aperture  
i n  place of t h e  ir is  diaphragm and changes i n  the  in t ra - lens  shu t t e r  which 
l i m i t  t h e  exposure speed se lec t ion  t o  1/27, 1/30, and 1/100 second. T e s t s  
of sample l enses  procured commercially show t h a t  they meet t h e  performance 
requirements and can withstand environmental conditions within t h e  photo 
system enclosure.  The platen,  i n  contrast, i s  very much of spec ia l  design. 
With t h e  aid of a mechanical clamp, it h o l d s  t h e  f i lm  f la t  by vacuum, 
The wide-angle lens  ( t h e  term i s  comparative i n  t h i s  
The only important modifications made 
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desp i t e  t h e  f a c t  t h a t  t h e  ambient pressure within t h e  enclosure i s  only one 
pnl-lnd per square inch. The p la ten  moves daring exposure t o  provide Lmzge . 
motion compensation. 
i s  designed t o  f a c i l i t a t e  t h e  accurate  reconstruction of t h e  p ic tures  a f t e r  
readout, s ince  the  wide-angle p ic tures  are t o  be used i n  photogrammetric 
analyses. 
The pa t t e rn  of edge marks exposed by t h e  p la ten  mask 
The high-resolution l ens  i s  a 24-inch f/3.6 espec ia l ly  designed and 
b u i l t  by t h e  Pac i f i c  Optical  Company. 
16 pounds, it provides t h e  outstanding performance required by t h e  nature 
of t h e  Lunar Orbi te r ' s  mission. 
Although it weighs l e s s  than 
I n  order t o  minimize t h e  s i z e  of t h e  camera, t h e  design uses a mirror 
t o  f o l d  t h e  o p t i c a l  path from t h e  24-inch l ens  t o  t h e  p la ten .  
plane shut te r  provides t h e  same choice of exposure speeds as t h e  wide-angle 
camera shut ter .  
compensation. 
The f o c a l  
The p l a t en  moves during exposure t o  provide image motion 
The performance required of t h e  image motion compensation apparatus i s  
pa r t i cu la r ly  exacting i n  t h e  case of t h e  Lunar Orb i t e r ' s  high-resolut ion 
camera, as  can be seen from t h e  following figures. The design exposure 
speed i s  1/25 second, because of t h e  very low exposure index of t h e  f i lm  
used (Kodak S.O. 243 f i l m ,  with exposure index about 3 ) .  
o r b i t a l  ve loc i ty  at t h e  low poin t  of t h e  o r b i t  i s  around 2 kilometers pe r  
second, SO t h a t  it moves 30 meters across  t h e  t a r g e t  a r ea  during an expo- 
sure. I n  order  t o  achieve 1-meter ground resolut ion,  t h e  uncompensated 
The spacecraf t ' s  
image motion must be no more than the  sca l e  equivalent 
allowable e r r o r  i n  i m a g e  motion compensation i s  thus  1 
be a l loca ted  between t h e  mechanical l i m i t a t i o n s  of t h e  
8 
of 142 meter. The 
percent,  which must 
p l a t  en servomechanism 
qnd t h e  e r ro r s  i n  t h e  information supplied t o  it by t h e  velocity/height 
(V/H) sensor. 
The V/H sensor i s  thus  a v i t a l  component of t h i s  camera. It i s  basi- 
c a l l y  ( f i g .  9 )  an image t r acke r  which scans a por t ion  of t h e  image formed 
by t h e  2'4-inch l ens .  
c i r c u l a r  scans t o  measure t h e  r a t e  and d i rec t ion  of image motion. 
d i r ec t ion  information i s  used t o  control  the  spacecraf t  yaw a t t i t u d e .  
rate information i s  supplied t o  t h e  image motion compensation servomechanism 
and a l s o  t o  t h e  exposure i n t e r v a l  cont ro l le r .  
It compares t h e  outputs derived from successive 
The 
The 
The film supply cons is t s  of a 260-foot roll of unperforated 70-mm fi lm.  
The supply spool i s  l i g h t l y  shielded a g a i n s t  ionizing rad ia t ion  from s o l a r  
f l a r e s .  
r e l a t i v e l y  immune t o  fogging at  t h e  ambient l e v e l s  of rad ia t ion  i n  space, 
but  some flare sh ie ld ing  i s  required.  The f i lm  c a r r i e s  pre-exposed da ta  
along one edge. 
gray scales ,  which a r e  later read out a l o n g  with t h e  photographic images. 
The Kodak Special  High Definit ion A e r i a l  Film, Type SO-243, i s  
These a re  mainly resolving power char t s  and sensi tometr ic  
. 
-. ' lne gray s c d e s  tilus p~ov-ide tlie phot~;&-,rlc e-1 C - U I I "  i h n n f i  A. U" L nn Y.* r . r h i  ..--- rh --- rnnkes . it, 
poss ib le  t o  estimate ground slopes from the measurement of f i lm  dens i t i e s .  
Since t h e  camera may make as many as 20 exposures on one pass over t h e  
t a r g e t  area,  while t h e  processor operates slowly and continuously, a bu f fe r  
i s  required between t h e  camera and t h e  processor. The mechanism provided 
i s  a "looper," consis t ing e s sen t i a l ly  of two pul ley blocks which can be 
separated t o  s t o r e  f i lm without slack. 
20 exposures) can be s to red  i n  t h i s  way. 
to c l e a r  a full looper within one o r b i t a l  period. 
A s  much as 20 f e e t  (enough f o r  
The processor speed i s  s u f f i c i e n t  
9 
Processor 
The f i lm processor ( f i g .  10) i s  qui te  simple i n  c o n s t r x t i o n ,  thanks 
t o  t h e  convenience of t h e  B i m a t  Process. 
I n  the  last  2 or  3 years Eastman Kodak has been able  t o  d isc lose  
d e t a i l s  of t h e  process. 
Transfer Process" at t h e  May 1962 meeting of the Society of Photographic 
S c i e n t i s t s  and Engineers, and R. G. Tarkington gave a paper on "The Kodak 
B i m a t  Processr' at t h e  March 1964 meeting of t h e  American Society of 
Photogrammetry. 
descr ipt ion here w i l l  be very b r i e f .  
D r .  L. W. Treg i l lus  reported on it as "A Diffusion- 
Since Tarkington s paper has now been published, * t h e  
Bimat f i lm i s  a processing web whose g e l a t i n  l a y e r  has been presoaked 
i n  a monobath solut ion.  It i s  s l i g h t l y  damp t o  t h e  touch, but very l i t t l e  
f r e e  l i q u i d  can be squeezed from it. Once t h e  web has been laminated t o  
exposed negative material, t h e  development of t h e  negative image proceeds 
along with t h e  d i f fus ion- t ransfer  of undeveloped s i l v e r  ions t o  t h e  web, 
where they a r e  reduced t o  a pos i t ive  image. 
i n  t h a t  all of t h e  s i l v e r  ha l ide  i s  reduced t o  s i l v e r  i n  a few minutes. 
A f t e r  that ,  it does not matter how long t h e  two f i lms remain i n  contact.  
The process goes t o  completion, 
I n  the Lunar Orbi te r ' s  processor, t h e  two f i l m s  are delaminated after 
a suf f ic ien t  t i m e ,  with t h e  web being wound up on a takeup spool.  No use 
i s  m a d e  of t h e  pos i t ive  images on t h e  web. The negative f i l m  i s  d r i e d  by 
an e l e c t r i c  heater,  and i s  then s tored  pending readout. 
Tarkington, R .  G., "The Kodak B h a t  Process ." Photogrammetric * 
Engineering, Vole 31, No. 1, January 1965. 
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Readout 
I n  t h e  readout process, t h e  f i lm i s  scanned t o  convert a sequence of 
i m a g e  dens i t i e s  i n t o  e l e c t r i c a l  s igna ls  su i tab le  f o r  transmission t o  ear th .  
The high information densi ty  on t h e  Lunar Orbi te r ' s  f i l m  ( a  ground resolu- 
t i o n  of 1 meter corresponds t o  76 l i n e  pairs/mm on t h e  f i lm)  im-poses s t r i n -  
gent requirements on t h e  f i lm  scanner. 
segments of t h e  photo with a f ly ing  spot t h a t  i s  demagnified down t o  a 
>-micron diameter ( f i g  . 11). 
These are met by looking a t  small 
The f ly ing  spot comes from a Line Scan Tube of t h e  kind t h a t  was 
developed by CBS Laboratories some years ago f o r  film scanning appl icat ion.  
The e lec t ron  beam i s  def lec ted  i n  only one d i rec t ion ,  so t h a t  it produces a 
single l i n e  on t h e  phosphor. A t  t h e  beam i n t e n s i t i e s  required, t h e  phos- 
phor would burn i f  it d i d  not keep moving. I n  t h i s  tube, t h e  phosphor i s  
coated on t h e  outer  surface of a metal dnun which r o t a t e s  continuously. 
The scan period i s  1,250 microseconds, and t h e  scan i s  about 2- inches 
long  a t  t h e  phosphor. 
1 
2 
'l'he l i g h t  emitted by the Line Scan Tube is focused on t h e  riim by a 
scanning l ens .  
1/10 inch. 
t h e  f i lm.  
17,000 hor izonta l  scans of t h e  beam. 
20 seconds. 
next segment i n  t h e  reverse  d i rec t ion .  It takes  40 minutes t o  read out t h e  
11.6 inches of f i lm  t h a t  correspond t o  a single exposure. 
The scanning l ens  demagnifies t h e  l i n e  t o  a length of 
The motion of t h e  scanning lens moves t h e  scanning l i n e  across  
The 57-mm scanned width of t h e  f i l m  i s  covered by near ly  
The time required f o r  t h i s  i s  
The f i lm  is  then advanced 1/10 inch, and t h e  l ens  scans t h e  
The f i l m  i s  read out backwards; i.e., it advances f r o m t h e  takeup 
toward t h e  supply spool. The purpose o f t h e  readout looper i s  t o  permit 
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t h e  reading out of a few se lec ted  exposures between photographic sequences 
without backing t h e  f i lm  i n t o  t h e  processor. Most of t h e  exposures; I n  any 
event, w i l l  not be read out u n t i l  t h e  completion of photography. A t  t h a t  
time the B i m a t  web i s  cut and removed, so  t h a t  t h e  f i lm  can be pul led back- 
w a r d  through t h e  processor without damage. 
Collecting op t i c s  l ead  t h e  t ransmit ted l i g h t  i n t o  a photomultiplier.  
The s ignal  i s  then conditioned by a video amplif ier  t o  make it compatible 
with the spacecraf t  communications modulator. A separate  synchronization 
package provides spot sweep voltages t o  d r ive  t h e  l i n e  scan tube and 
synchronization pulses f o r  t h e  ground equipment. 
Figure 12 shows t h e  composite video output as it leaves t h e  photo- 
graphic system. 
Video Transmission 
The spacecraf t  has two communications antennae, operating i n  t h e  "S" 
Communication i s  normally through t h e  band at  2295 megacycles ( f i g .  13).  
low-gain antenna at low t r ansmi t t e r  power, except when photographic da t a  
a r e  being t ransmit ted.  Whenever p ic tures  are t o  be sent ,  t h e  photo system 
readout mechanism and t h e  t r ave l ing  wave tube amplifier are turned on by 
command from ear th .  The photographic data, mixed with t h e  performance and 
environmental telemetry data,  are then t ransmi t ted  v i a  t h e  3-foot-diameter 
parabolic high-gain antenna. 
Figure 14 shows t h e  RF baseband s t r u c t u r e  f o r  t h e  composite telemetry 
and video transmission mode, and serves t o  i l l u s t r a t e  t h e  somewhat unusual 
modulation technique employed f o r  the  video da ta .  
e t r y  data  t r a i n  is  phase modulated onto a 30-kc subcar r ie r ,  which i s  then 
combined with t h e  video d a t a  t h a t  have been transformed t o  a v e s t i g i a l  
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The 50 bit/second telem- 
Sideband s igna l .  That s igna l  i s  created by amplitude modulating t h e  data 
on a 310-kc subcar r ie r  by means of a double balanced modulator. This sup- 
presses t h e  c a r r i e r  and produces two equal sidebands. An appropriate f i l t e r  
l i s  then superimposed on t h e  double sideband spectrum, e s s e n t i a l l y  e l iminat ing 
I t h e  upper sideband. 
I 
Since t h e  mission subcar r ie r  must be r e inse r t ed  on t h e  ground f o r  t h e  
proper de tec t ion  of t h e  v e s t i g i a l  sideband s ignal ,  provis ion f o r  der iving 
such a subcar r ie r  s igna l  i s  made by t ransmit t ing a p i l o t  tone of 38.73 kc. 
That p i l o t  tone i s  exact ly  1/8 of t h e  o r ig ina l  310-kc subcarr ier  frequency, 
and i s  derived from t h e  same c r y s t a l  o s c i l l a t o r .  Multiplying t h e  received 
p i l o t  tone by 8 i n  t h e  ground equipment provides a proper subcarr ier  f o r  
re inser t ion .  This composite baseband of telemetry, p i l o t  tone, and video 
s igna l s  i s  phase modulated i n t o  t h e  2295-megacycle RF  c a r r i e r .  
The use of t h e  v e s t i g i a l  sideband modulation technique permits t h e  use 
Of a l a r g e  modulation index t o  obtain noise-improvement without exceeding 
the a l l o t t e d  9- mc RF bandwidth. 
3 
Ground Photo Reconstruction 
Communication with t h e  spacecraft  i s  maintained by N A S A ' s  Deep Space 
Instrumentation F a c i l i t y .  
be equipped t o  receive video data from the Lunar Orbi ter .  
Goldstone i n  California,  Madrid, Spain, and Woomera i n  Austral ia ,  they w i l l  
provide uninterrupted coverage while t h e  spacecraf t  i s  t ransmit t ing.  
Three of the F a c i l i t y ' s  Deep Space S ta t ions  w i l l  
Located at 
A t  each s t a t ion ,  t h e  RF c a r r i e r  w i l l  be  received by t h e  antenna- 
r ece ive r  system and demodulated ( f i g .  l?). The subcar r ie r  containing t h e  
te lemetry data w i l l  be routed t o  t he  performance telemetry equipment and 
recorded on magnetic tape.  The photographic data subcar r ie r  w i l l  be 
demodulated and routed t o  t h e  Ground Reconstruction Equipment. 
video data w i l l  be displayed l i n e  by l i n e  on a kinescope face.  
i m a g e  w i l l  be recorded on a continuously moving 35-rn film s t r i p  t o  c rea te  a 
permanent f i lm  record. 
The current  plans c a l l  f o r  t h ree  f i lm  records t o  be exposed at  each 
Here t h e  
The displayed 
Deep Space Stat ion.  One record w i l l  be processed at t h e  s t a t i o n  and rap id ly  
evaluated s o  t h a t  p ic ture  qua l i t y  can be determined and commands sent  t o  t h e  
spacecraft  f o r  t h e  remotely control led adjustment of t h e  camera o r  readout 
mechanism. The other  r o l l s  w i l l  be forwarded, unprocessed, t o  t h e  lunar  da ta  
processing laboratory.  
The images on t h e  35-mm film a r e  approximately sevenfold enlargements 
of  t h e  spacecraft f i l m  segments. They run lengthwise on t h e  f i l m ,  and 
a l t e r n a t e  segments are reversed end-for-end, due t o  t h e  reciprocat ing t r a v e l  
of t h e  spacecraft readout mechanism's scanning lens .  The Reassembly P r i n t e r  
a t  t h e  processing laboratory makes a composite p r i n t  of sets of 14 of these  
segments, accomplishing t h e  reversa l  of t h e  a l t e r n a t e  segments and edge- 
m a t c h i n g  adjacent segments. 
from t h e  sca l e  of t h e  35-mm film, being about 6- t i m e s  t h e  sca le  of t h e  
spacecraft  f i lm.  
high-resolution frame. 
at  different  s tages  of t h e  process. 
The 9- by 14-inch composite i s  s l i g h t l y  reduced 
1 
2 
It takes  seven of t hese  composites t o  reproduce a s ing le  
Figure 16 shows t h e  geometry of t h e  various formats 
Photometric Considerations 
Plans t o  photograph t h e  moon, as w e l l  as plans f o r  using t h e  photographs, 
must take i n t o  account i t s  pecu l i a r  p rope r t i e s  as a r e f l e c t i v e  surface.  Far 
from being a uniformly d i f fus ing  sur face  (a  Lambert r e f l e c t o r ) ,  t h e  moon i s  
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a highly d i r ec t iona l  backscat terer  of incident l i g h t .  This i s  seen i n  t h e  
everyday observation t h a t  a fill moon r e f l e c t s  12  times as much sunl ight  t o  
t h e  ea r th  as a ha l f  moon does. I n  addition, t h e  moon i s  a very poor r e f l ec -  
t o r ,  whose normal albedo averages about 7 percent.  
measured where t h e  angles of incidence and emittance t o  t h e  surface normal 
a r e  zero, and it i s  t h e  r a t i o  of t h e  measured luminance t o  t h a t  of an i d e a l  
white surface.  The photometric function expresses t h e  va r i a t ion  i n  l u m i -  
nance with t h e  geometry of t h e  i l lumination and viewing s i tua t ion .  
The normal albedo i s  
The photometric f'unction at  a point can most usefu l ly  be described i n  
terms of two var iables ,  g and a, where g i s  t h e  phase angle ( t h e  angle 
between t h e  l i n e  of  s igh t  and t h e  sun l i n e )  and 
t h e  surface normal and t h e  l i n e  of s igh t  when projected t o  t h e  plane of g .  
These angles a r e  shown i n  t h e  upper diagram of f i gu re  17. 
I n  t h e  case of t h e  Lunar Orbi te r ' s  high-resolution camera, t he  rela- 
t ionships  are s implif ied.  Since t h e  camera i s  nominally v e r t i c a l  and i t s  
angular coverage i s  qu i t e  l imited,  t he  l i ne  of s igh t  i s  approximately t h e  
l o c a l  v e r t i c a l .  This  means t h a t  t h e  phase angle g i s  about t h e  same as 
t h e  sun's zeni th  d is tance  ( t h e  complement of t h e  s o l a r  a l t i t u d e ) ,  and 
i s  t h e  component of t h e  ground slope i n  the  d i r ec t ion  of t h e  sun. 
I n  order  t o  ex t r ac t  t h e  most ground slope information from the  photos, 
a i s  t h e  angle between 
a 
w e  wish t o  choose t h e  range of phase angles at  which t h e  photometric func- 
t i o n  i s  most s e n s i t i v e  t o  departures of a from zero. The lower port ion 
Of f i g u r e  17 i s  a p l o t  of photometric function versus 
Values of g. 
between 150 and 400. 
a f o r  constant 
The se l ec t ed  operating range corresponds t o  s o l a r  a l t i t u d e s  
The general  method f o r  ex t rac t ing  topographic information from t h e  
phetegrqhy was out l ined i n  t h e  sectioii  on Ground Resolution. It involves 
t h e  complementary use of t h e  wide-angle and high-resolution coverages of t h e  
same area. 
f e r e n t  ways by photometric considerations.  A somewhat more de t a i l ed  exami- 
nat ion of these  e f f e c t s  w i l l  provide an understanding of t h e  method. 
The accuracy of s tereoscopic  height and slope measurements on t h e  wide- 
angle photographs depends pr imari ly  on t h e  geometry ( t h e  base/height r a t i o ) ,  
provided t h a t  they show f i n e  ground d e t a i l s  i n  s u f f i c i e n t  contrast .  Without 
t h e  l a t t e r ,  stereoscopic v is ion  i s  d i f f i c u l t ,  o r  even impossible. Fine- 
d e t a i l  contrast  i n  t h e  lunar  scene may be produced by s m a l l  a reas  of shadow, 
by l o c a l  va r i a t ions  i n  t h e  normal albedo, or by t h e  e f f e c t  of t h e  photo- 
metric function on surface roughness. It does not matter what causes t h e  
contrast  i n  t h e  scene, and it i s  not important t h a t  i t s  reproduction be 
l i n e a r  or even regular .  
On the other  hand, slope determination from t h e  high-resolution photo- 
A s  employed, t h e  two types of photographs are af fec ted  i n  dif- 
graphs i s  completely dependent on t h e  f a i t h f u l  reproduction of t h e  scene's 
l i g h t  values. 
ca l ibra t ions  necessary t o  convert each dens i ty  l e v e l  on t h e  p i c tu re  t o  a 
r e l a t i v e  scene luminance. The next s t e p  i s  t o  scan t h e  photo with a micro- 
densitometer i n  l i n e s  p a r a l l e l  t o  t h e  sun-ground-camera plane.  
The f i rs t  s t e p  i n  t h e  use of a p i c t u r e  i s  t o  perform t h e  
Since t h e  so l a r  a l t i t u d e  and camera o r i e n t a t i o n  w i l l  be known, t h e  
phase angle can be calculated f o r  each por t ion  of t h e  scan. The photo- 
metric function then becomes a funct ion of t h e  single va r i ab le  a which i s  
convertible t o  ground slope i n  t h e  sun-line d i r e c t i o n .  
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Unfortunately, t h e  calculated luminance a t  a point  i s  always ambiguous, 
s ince it va r i e s  as t h e  product of t h e  normal albedo and t h e  photometric 
function. I n  order t o  m a k e  t h a t  experimental model from t h e  Ranger V I 1  
photo, it was necessary t o  assume t h a t  the normal albedo was t h e  same a l l  
over t h e  area. That assumption cannot be made with t h e  Lunar Orbiter 's  
photos, both because they cover very much l a r g e r  areas and because important 
decisions w i l l  be based on t h e  calculated s lope values. 
It i s  here t h a t  t h e  stereoscopic wide-angle photos complement t h e  high- 
reso lu t ion  photos. 
c l e a r l y  seen at a ground reso lu t ion  of 8 meters, i t s  inc l ina t ion  can be 
measured s tereoscopical ly .  This independent measurement w i l l  permit t h e  
determination of t h e  normal albedo at many places  on each photo. 
d i f fe rences  i n  t h e  normal albedo are found, they are probably due t o  d i f -  
ferences i n  t h e  nature of t h e  surface material .  
should, i n  addition, provide a v i sua l  indicat ion of t h e  surface boundaries 
between t h e  d i f f e r e n t  mater ia l s .  
Wherever a s lope has s u f f i c i e n t  hor izonta l  extent  t o  be 
If l o c a l  
The wide-angle photos 
fib A &  4. &is stage, it l a  possible  t o  i n t e g r s t e  t h e  slopes over  t h e  ler?,ptl.h 
of a scan t o  produce a ground p r o f i l e .  Since t h e  photometric method can 
p r o y i &  4 * - ~ - - - + +  L11J.VJ.1Ucl,CIL"ll A- UUVU" " h n - r +  urvyc. - 3  nne onmnnnnnfs bV'Yp"""'~" nevnondi J=--y----- c i i l n r  ----- t.0 t.he si.ln l i n e ,  
adjacent p r o f i l e s  cannot be prec ise ly  t i e d  together  t o  form a surface with- 
out  recourse t o  t h e  s tereoscopic  information. 
of t h e  Lunar Orbi ter  photographic data includes t h e  production of topographic 
base maps by photogrammetric methods at  a contour i n t e r v a l  appropriate  t o  
t h e  p rec i s ion  of s tereoscopic  height  determination. 
maps showing t h e  f i n e r  r e l i e f  d e t a i l s ,  t h e  e levatfons of t h e  ends of each 
The plan f o r  t h e  reduction 
To produce l a r g e r  s ca l e  
photometrically derived p r o f i l e  w i l l  be adjusted t o  f i t  t h e  contours of t h e ,  
base zaps. 
Conclusion 
I f  one looks at t h e  ove ra l l  Lunar Orbiter program from t h e  photog- 
rapher 's  point  of view, he sees a remarkable anachronism. 
sireiciiirlp: Space Age tecnnoiogy t o  new i eve i s  i n  put t ing  a spacecraft  i n t o  
a selected o r b i t  around t h e  moon. We w i l l  be using the  most modern com- 
munications technology i n  ge t t i ng  the  video information back t o  ear th .  
t h e  camera we are  sending t o  t h e  moon i s  a recognizable descendant of t h e  
one which Matthew Brady used t o  photograph t h e  C iv i l  War. 
We 1 : i l l  be 
Yet 
There are, of course, severa l  ways t o  pick up v i s u a l  information i n  a 
form d i r ec t ly  compatible with t h e  required video transmission. 
time te lev is ion  camera systems used i n  Ranger and Surveyor, which a r e  cer- 
t a i n l y  more d i r e c t  ways of ge t t i ng  moon p ic tures ,  a r e  not ava i lab le  t o  t h e  
Lunar Orbiter.  
faster than w e  can t r a n s m i t  it, we need a s torage buf fer .  
severa l  e lec t ronic  and magnetic ways t o  s t o r e  video data. 
schedule, which i s  based on t h e  urgent requirement f o r  t h e  photography, 
requires  t h e  use of proven processes.  
The f a c t  i s  t h a t  at present,  as i n  t h e  past ,  t h e r e  i s  no proven way of 
s to r ing  information which can compare i n  compactness with an image composed 
of s i l v e r  gra ins  i n  a g e l a t i n  emulsion. 
The r ea l -  
Because w e  have t o  acquire  v i sua l  information i n  o r b i t  
There a r e  a l s o  
The program 
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I .  PHOTOGRAPHIC 
(A) APOLLO SITE CERTIFICATION 
(B) APOLLO SITE SELECTION 
(C) LANDMARK MAPPING 
(D) GEOLOGIC SURVEY 
2. NON PHOTOGRAPHIC 
(A) GRAVITATIONAL FIELD 
(B) MICROMETEORITE FLUX 
(C) HIGH ENERGY PARTICLE FLUX 
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Figure 6.- System signal-to-noise ratio. 
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Figure 17. - Lunar photometric function. 
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